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Abstract 

The paper lists a number of typical specific skills and abilities 

associated with laboratory instruction in elementary physics. The list 

served as a ^uidc in the construction of a number of multiple-choice laboratory 

tests in Mechanics, Heat, Sound, and Lloctrieity. The individual tests are 

described and typical items from each test are reproduced. Some of the tests 

-vere tried on students in three elementary physics courses at the University of 

Minnesota, and the frequency distributions cf scores are 0iven. A subsequent 

report will describe the work on the comparisons between paper-pencil and per- 

formance tests as v/ell as their relations to other achievement measures. 
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Paper-Pencil Laboratory Achievement Tests in Physics* 

Laboratory work in elementary college physics is evaluated in most schools 

almost entirely by means of laboratory reports wrix-ten by the student outside the 

classroom. The need for more- precise instruments for measuring laboratory 

achievement has been pointed out elsewhere (1,2), Since laboratory work consists 

of performance and intellectual operations b,- the student, it is reasonable to 

postulate a two-dimensional evaluation approach: by means of performance tests 

and paper-pencil examinations. In a previous report (1) the construction, 

administration, and characteristics of performance to::ts were described. An 

inspection of the existing standardized tests in college and high school >hysics 

revealed practically no c.ue-sticns directly related to laboratory work, ""nerefore 

it became necessary to initiate a program of paper-pencil test construction to 

paraLlel the investigation o,\  performance items. 

Conference with Consultants 

A one-day conference was holo. at the University of Minnesota on June 16, 

1952. The object of the c0nfcr3r.ee was to review the work on performance tests 

in physics and to discuss plans for future research. Present wore Professors 

G. Freicr, R. Goodwin, L. Nedeisky, D. Roller, and C. N. '.Vail, the consultants 

for the project, Dr. C. Hoyt, the Director of the Bureau of Educational Research, 

and Dr. K, Xru^lak, the Principal Investigator. The latter reviewed the purpose 

r\ 4*     $• Vi»*>  T.*»rt"iOpf  p »-iX  f *r»»-. '••/*> v \r     ll r.^l-r o r- r» /^»*v-\ * A r+ V\ s A THi /-.    v*^»• »•>  ».•-— K   -•'*•/-«  • U *-» « -. •- r~\-. 

the general physics laboratories to exam;no the performance items which had been 

left set up at the locations after the spring quarter examinations. The con- 

sensus of the group was that the uvalu.V 1 on of laboratory teaching in physics is 

*Under contract Nl:onr-66213 'with the Office of Havai Research 
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an extremely important problem. It was also brought out tha+ if valid paper- 

pencil tests could be developed, much of tho labcr involved in sccting up and 

grading performance tests might bo cli inated. 

The conferees agr ed on the desirability of d:-a"..ln£ •• • a list of objectives 

•which vfculti define specific s!:ills and abilities characteristic of the physics 

laboratory. Examples of sveh objectives v-i-c riven: translation from symbol to 

real object and vice versa, estimate of a : ..rror, evaluation of measuring 

instruments in terms of z".rn setting and uniformity of scale, etc. After 

constructing items for specific objectives, a master list of the items with a key 

would be sent to cooperating institutions with a request for an appraisal of the 

items.  Thus, along each item there might bo provided a place for checking ono of 

the choices: 

( ) the item is very much like tho skill or ability the student used in the lab 

( ) "   " » somewhat   "   "   "   "   "    "    "    " 

( )  11   .i tt not at all it   u   n   it   it    it    i.    it 

Another approach would be to s~nd a list of skills relevant to laboratory work 

with a request for a definition cf each skill and a description of a skill not 

named on the list, with specific examples. 

ii  it  it 

ii  it  II 

Development of Paper-Pencil Tests 

On July 10, 19^2, Dr. C. N. '.('all and H. Kruglak met to discuss flans for 

carrying cut the recommendations of the c\iforcncc. It v.?* agreed to concentrate 

on the development of tests, each cf which v.r.uld (a) measure a vc / narrow.' range 

of skills, (b) be relatively easy to construct. The following typical rather 

than exhaustive list of specific objectives was compiler1. 

1, Identification of apparatus from photographs, diagrams, and dc-scrip- 

tions. 
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2. Knowledge cf the function of apparatus, materials, and instruments. 

3« ner.di.nr; Lnstruments commonly fauna in the physics laboratory. 

a. Symbolic representation of real objects and identification of objects 

from their symbolic representation, 

5. Selection of apparatus for specific measurement or function. 

6. Calculation procedure from specific data. 

7. Reading and interpretation of graphs. 

8. Drawing a ;;raph from a set of experimental data, 

9. understanding directions for carrying out a specific laboratory 

procedure. 

10. Recognition of random and systematic errors, haking an error 

analysis from experimental data. 

A 'lumber of tests were developed v;ith the above ideas in mine.  In selecting 

appropriate items, the test constructors consulted a large number of laboratory 

manuals, manufacturer direction shouts for special apparatus, and catalogs of 

scientific equipment, iir. R. V, Stuart developed most of the itoms in Mechanics, 

Heat, and Sound. Mr. K. Qeisonbcrry wae, responsible for most of the electricity 

items. As in the case of the performance tests, the paper-pencil items were sent 

to the four consultants for rating on a three-point scale: good, fair, and poor. 

Considerable effort and time were required .in finding drawings and photographs 

that could be reproduced v/ith sharp detail. All the items were of the multiple 

choice, five-alternative type. Each test will be described briefly as to the 

^ar*'ic"lar c'cills it our^orts to measure* Some ty^ic^il items wil L be ro^rod^cedi 

and the score distributions will ce given for the tests that have been administer- 

ed. The scrring formula for each test was kR-V/, where R is the number of correct 

responses and \I  is th.c number cf v.rong respenscs. 
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Description of Tests 

Error Analysis 

This test -./as designed to sample the skills acquired for: calculating 

random and systematic errors fron o;;p .r.•:.-.-.mtal data typical cf laboratory v/ork 

in elementary physics; handling significant figures; deriving error equation for 

a given physical relationship; evaluating critically experimental data for 

consistency; d etcrr.'.n ng tho absolute and per cent accuracy of an nstrur.ont 

from a photograph ex" its scale; expressing the accuracy of a physical r.easurorient 

fron a description of the limiting accuracy of the measuring ii *;triunents. 

The tost consists of 65 items. It has not been administered to any group 

to date. Following is an it:::-, v/hic'r received a to- ratinj, from all the four 

consultants. 

( )     A question often asked is:  Could you use 2?/7 as the value of TT in an 

experiment: 

fa) Tills is a catch question since 22/7 is tho value of n . 

(b) The answer is invariably -'yes'1 since the difference between 22/7 

and n is not enough to make any difference, 

(c) It is permissible, to use 22/7 for TT if you rake the indeterminate 

(random) error larger than the difference, 

(d) Since /on don't no a cure n , it doesn't :.ritroduce -any error in the 

experiment so 2</7 is an acceptable value. 

(e) You ran use 22/7 as the value of TT < <* --me + r*n    n*i:» on * 

1 >*0  r". -> i f* n > **^ o**i"Lv *»•• ** • 
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Reading Instruments 

• 

This tost consists of four parts, each designed to evaluate the subject's 

ability to read the scales of instruments commonly used .in the elementary physics 

laboratory. Part I ha? 20 qucrti~r.s on the vernier calipcr. The main scale and 

the v_rr.ier ar^ r..prrduced in  one diagram rath the z~ros of both coincident so 

as to enable the stud-nt to find the leant count of the inntrument. The instru- 

ment is then shevm vrj.th tee jav/s closed.  The subject is asked to deter-y\-.~ Lhe 

magnitude and sign of the zero error. Another drarring of tee same vernier is 

labeled "jav/s closed on an object".  The testee is asked for a reading of the 

instrument. Verni~~s -.rith a variety of scales '.verc used.  Part II contains 16 

items on micrometers.  The items are similar to those in Fart I. Part III has 

12 items designed to a praise the stv.dcnt's ability to r^ad stop '<fatcb.es. The 

watch faces are reproduced photographically, approximately full size. Part IV 

has 16 items designed to determine the student's skill in reading the scales of 

a meter stick, orotractor, graduate cylinder, analytical balance, spring balance, 

thermometer, and hydrometer. Some of the scales are photographic reproductions; 

others are schematic dra-.vir.|_,s. 

None of the items in the Heading Instruments Tests have been tried on any 

group.  T.vo items from Part 1 ai-e reproduced b^lcr,-. 

( )    Refer to diagram #1. (Sec Figs. 1&2, Appendix A) The zero error of 

vernier caliper #111 is 

(a) 0.01 cm to be subtracter from all readings. 

(b) 0.09 en to be subtracted from all readings. 

(c) 0.03 cm t? b- subtracted from all readings. 

(d) 0.01 cm to be a.'.ded to all readings. 

(c) 0.09 cm to be addjd to .ill readings. 
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( )    Refer to diagram #2. 

#2 is 

(a) 1C.06 cm. 

(b) 10.60 en. 

(c) 10.66 en. 

(d) 16.06 cm. 

(e) 16.60 en. 

The reading of vernier caliper ^111 in diagram 

Identification of Apparatus-Mechanics 

The purpose of thia test is to find out how familiar the subject is with 

various pieces of equipment used in performing experiments in iiochanics. Each 

of the thirty items refers to each of the thirty photographs of devices and 

instruments. The subject is to identify each piece of apparatus shown in the 

figures. The test was administered to 118 students in Physics 1 and 166 students 

in Physics la, fall quarter 1952> as a pro-test, and as a post-test to 53 and 70 

students respectively. The Physics 1 course' is offered without laboratory; 

students in Physics la had tne conventional laboratory experiences. 

The frequency distributions of scores are shown in Appendix Bj_. A typical 

item is reproduced belovr. 

( )     Picture 3 shows (See Fig. 3, A^ncndix A) 

(a) plumb bob, (b) spark recorder, (c) buzzer, (d) stylus, (c) drawing 

pen. 

• 

r 

Function of Apparatus-Mechanics 

This test was designed to measure the student's understanding of the most 

common us- of the various devices in performing mechanics experiments. The 

thirty itc:ns are based on the same photographs as the Identification of Apparatus 
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Tert, The Function of Apparatus Test \;c.s  also administered to the Physics 1 and 

la students. The frequency distributions Tor the pre-t~st and post-test scores 

arc shov.T. in Appendix Bg. Following is an iton from the test: 

( )     Tr.e apparatus shorn in Figure 3 is used to (See fig. 3> Appendix A) 

a, recive code. 

b. record a ti^~d oscillatory trace, 

c« letter drav/ings, 

d. rule lin^s on netal or ;/ood. 

e. alin; points vertuaMy, 

ijqx:r:P.K:nts-iv.echanics 

In this tost the ^xairdneo is shovm a photograph of apparatus designed to 

nKasure a uiven physical quantity. He is asked for additional apparatus, to bo 

selected fro~ another seri-s of pnoto^raphs, needed to yield sufficient data for 

calculating the required quantity. The iixp-riments Tost was given to the Physics 

1, la groups as a ire-test and pest-test.  Trie frequency distributions of the 

scores are given in Appendix D3. One of the 15 items in the te-r.t is r^oroduccd 

below. 

( )     Tnc  set of app-rratu- shov.-n in picture h  is to be used in obtaining the 

data necessary for finding the coefficient of friction by the inclined 

plane method. To yi: Id sufficient data the set of apparatus labeled 

UU   (3ee Fig. U,  Appendix A) 

A. and items ".' and X arc iKco—.ary 

B. and iterris 1 and Y are n-ecessary 

C. and items '.'', Y, nnd 2 ar-. n.c~sary 

D. and item Z are necessary 

E. includes uhc- :ninLv.um equipment n-.cessiry 
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Miscellaneous-* >cchanics 

This test consists of two parts, each having seven items. In part 1 there 

are shov/n five dimensions on photographs of physical apparatus. The subject is 

as!:cd to select the most appropriate measuring instrument out of the seven shovm 

in another part of the picture. In part 2 the subject is to identify two com- 

ponents that are us^-d together, or ar.. parts of the same apparatus. The test was 

also administered to the groups mentioned in connection with the previous three 

tv-sts in Mechanics. The score distributions are shewn in Appendix B^. 

Heat 

The 21 items in this test arc based on a set of 31 photographs of apparatus 

commonly used to perform the conventional experiments in heat. The items call 

for identification of the apparatus, recognition of its function, and the 

selection of minimum apparatus for getting sufficient data to determine a given 

physical quantity.  This t^st has not been administered to date. Following is an 

item from the test. 

Assume expendables such as gas, electricity, water, ice, and rubber 

tubing to be available as needed. In the following question you arc given a list 

of items, from which you can determine the experiment to be performed. Follow- 

ing the list arc five corrections of which only one is proper. Record the 

letter corresponding to the proper correction. If an item is not. vscful in the 

experiment a correction is needed. 

-4r 
* • 

(   ) A student requests the aoparatus shovm in pictures 2,   8>   26,   (Sec Fig,  $f 

appendix A) and the nece-sary electrical apparatus.     These items will 

yield sufficient data    ith the following correction to the list of items. 

(a) include  item 2h 

(b) eliminate icom 8 
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(c) include items I4 and 2h 

(d) no correction needed 

(e) include item 2a end eliminate item 2 

Some of the consultants felt that the above it-,:?, was too difficult for the 

elementary students. It was suggest .-a that the name of the experiment to be 

performed should be added. The items were revised so as to include the object of 

the experiment. 

Scund 

The items in this test sample skills similar to those mentioned in the test 

on Heat. There are 20 photographs of apparatus commonly used in basic experiments 

on sound; the 21 items refer to the photographs. The test has not yet been tried 

on any students. 

Identification of Apparatus-Electricity 

From a photograph of Sh  pieces of electrical apparatus, the examinee 

identifies a particular one by associating the number of the picture with one of 

the five terms listed in each item. Of the 22 items in this test 16 have bee:; 

tried as a pro-tost and post-test on one -,roup of Physics $  and one group of 

Physics 0 students at the University of luinncsota, winter quarter 1>>52.  The 

frequency distributions of the scores are sho'.vn in Appendix Ci, 

Function of Apparatus-Electricity 

The items in this test are based on the same set of ohoto,:raohs as the 

previous test. The purpose of the tost is to find out the extent of the student's 

familiarity with the use of the various oi-ces of electrical ..quioment. Of the 

21  items lo have b^en tried on the same groups as the Identification of Apparatus 

Test-Electricity. The frequency distributions of the scores ar~ shown in 

Appeneix CT_. 

-4, 
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Function of Appantus-Slectricity 

The items in this test arc based on the same set cf photographs as the 

previous tost. The purpose of the test is t •> find out the extent of the 

student's familiarity with the use of the vai-ious pieces of electrical equipment. 

Of th.i 27 itce.s 18 have bier, tried on the same groups as the Identification of 

Apparatus Ti^t-Zioctri.clty. The frequency distributions cf the scores are 

shown in Appendix Ci. 

Electrical Circuits 

This test consists of ten photographs of wired circuits with nuT.bv.rod com- 

ponents and terminals. The main purpose of the te^t is to assess the students 

skill in tracing circuits from schematic diagrams and vice versa. There arc also 

items Y/hich sarnie the subject's ability to recognize the function of the circuit, 

the use cf certain co.r.pononts and instruments in it, and knar ledge of the operat- 

ing characteristics of the assemblies and their carts. From the h$  available 

items of this test ?6 have been selected and tired on the above mentioned groups 

of Physics 5 and o students. The frequency distributions of tae scores are sh.ov.n 

in Appendix 03, An item irom the test is reproduced belov. 

( ) Referring to the schematic diagram at the right 

the circuit in picture 6 is ( See Fir. 6, Ap- 

pendix A) 

(a) wired exactly according to the schematic 

(b) wired correctly except vires 2 and 3 

should be reversed 

'—yfAA/—I 

(c) wire;, correctly except resistances h-S  and 0-1 should be interchanged 

(d) v.d.red correctly except the battery wires should be reversed 

(e) wired correctly exce -t ..ire at 6 should be moved to 6. 
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Electrical heters 

Thi.s tent attar.-:to to evaluate the -tv.de.1t3 ability to read a fairly complex 

electrical meter. Four photographs of the front panel of the RCA Junior Volt 

Ohmist ro"rc3-.:'.t four different settings of the instrument, with the needle in 

operating position, rour of the eight questions ask for the identification ci' 

thi quantity being .nea-urea; the remaining four iter.s ask for the actual readings 

of the scale, with the units. This test "/a;-, tr^ed on the v.-inter quarter jrovps 

in Physics 5 and C The frequency distributions of the scorer, are shov.r. in 

Appendix C-j, 

Symbcls-Elec.tricity-^A 

The object of the test is to find out tc .that  extent the student understands 

the conventional sy.'.bols used in electricity and is able to assign a symbol to a 

piece of electrical equipment represented by a picture. The 2S  items in the test 

rerer to the -"hotc^raphs used in the identification and function tests for 

electricity, None of the itesus have been tried as yet, Follo.-ing is an item 

from the test, 

( )     Picture 7 (3ec Fig. 7> Appendix A) is best represented by symbol 

a. —.A^W b. _A/VV_c. ...^^Ld. _/zr?^r_e.      

Symbols-Electricity-3 

This test is designed to evaluate tho subject's skill in recognizing a 

symbol fror.; the name or the common use of a piece of electrical equipment. This 

test differs from the Symbols A Test in that the association in the former is 

made beiA/een a conventional symbol and a verbal definition or description of the 

apparatus, Cf the 20 items in tri3 test 15 have been tired un th« F:;/aics $ and 

0 groups, T c  score frequencies for the pre-tests and post-tests are shown in 

Appendix C2, A typical item is reproduced belov.-. 
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( )     Symbol 8 represents a (an) (£ee Fig. 8, Appendix A) 

(a) inductance, (b) iron core transferor, (c) air core transformer, 

(d) potentiometer, (e) electromagnet. 

Tests in Preparation 

Two ..lore tests arc bein^ prepared: Otica and i-criern Physics. The test on 

optics is difficult to construct along the ^ame lines as the tests in other 

divisions of physios. The chief difficulty li.es in photographing or reproducing 

optical s-Tfaces anu images. However, work is in progress and there is reason- 

able assurance that satisfactory tests vd.ll bo available shortly. 

The Analysis of Te:;t Results 

The paper-pencil laboratory tests administered during 1952-53 are being 

analyzed. Particular emphasis vd.ll be placed on the investigation of the 

relationship between written test and the laboratory performance tests in the 

course sequence. In addition to the ite:a analysis, correlation coefficients 

between the written and performance tests are being competed, as well as the 

written and performance test intercorrelations and the correlations between both 

forms of the laboratory test and other achievement measures in physics. It will 

also be of interest to know whether or not there have been any significant gains 

on each of the test3. 
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Appendix Bi. Distribution of Test Scores. Identifica+i-.n of Aonaratus-idechanics 

Maici.auM score 12C.    University of Minnesota Fall quarter 1952-53 

Physics 1-no laboratory Physics la-". /ith laboratory 
Score male female male fenale 

pre   :   post pre post pre   |  post ore post 

109-111 
1 1 i 

! 
106-100 ; 6 
1C3-1C5 i  2 
100-1C2 1 h 
97-99 l 
9U-96 1 i 3 
91-93 i 2 
88-90 3 
85-o7 2 1 6 2 
82-Pli 1 7 
79-31 2 5 1* 8 i 

l 

76-78 1 3 5 
73-75 2       j     3 3 2 
70-72 5     !    3 1 6 1 
67-69 3 1* 3 2 
6^-66 7 1 I* 5 1 
61-63 3 1 h 1* 1 
58-60 5 1 0 2 
55-57 10 7 1 7 1 1 
52-5L 1 1 2 1 5 2 1 
1*9-51 3 1 1 5 13 
1.6-1:8 5 2 2 7 2 
h'j-15 7 1 3 1 11 1 1 1 
J:0-i;2 3 1* 1 18 1 
37-39 2 a 3 6 
3«-36 5 U 1 7 2 
31-33 h 1 2 1 7 3 
26-30 l 6 2 a 2 
25-27 1 6 1 1* 2 
22-21 1 1 3 
19-21 2 1 3 
16-16 2 1 1 2 2 
13-15 1 1 3 1 
10-12 2 1 
7-9 2 
h-e 1 1 

i 1 
1-3 1 1 

• 

-19-0 1 
i        > 

1 

72     |    32 1*6 21 
1  
! 
1 

115 6U 21 6 

i 1 

• 

1 
1 

1 
1 
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Lstribution of Test Scces. ir.ctior. of Apparatus-Mechanics 

i..cc:i:.:ur. ac -re 120 Iv.iviToity of ."-iir.nesota Fall quarter 1952-53 

Physic 3 1-nn labors, i. T7                  ; rhysi •s  la-v 1th lab eratoi-y 
Score rale feriale :;aie fer.ale 

„,.  2" 
v:o:;t pre pest pre nost pre oost 

109-131 1 
106-108 1 1 
103-1C5 1 
100-102 2 1 
97-99 2 
9h-96 1 2 u 
91-93 2 1 6 
88-90 2 2 1 1 6 
85-87 1 2 3 7 
82-82* 1 3 5 Ua 
79-81 1 3 U 2 2 
76-78 C 2 3 5 
73-75 6 2 7 7 
70-72 6 3 10 2 
67-69 3 1 2* 2 
6^-66 10 1 2 11 2 
61-63 h 10 1 

u 
58-60 3 5 1 ii 5 1 2 1 
55-57 l 1 3 11 2 
52-5U 3 3 1 2 8 3 1 
U9-51 2 1 k I4 12 1 1 
U6-it8 6 k 3 .7 X 

U3-U5 5 3 9 1 2 1 
iiO-4+2 5 7 2 
37-39 5 1 1 6 1 1 
31-36 2 h 2 5 1 
31-33 3 2 1 2 2 
28-30 h 5 3 
25-27 h 2 1 
22-2!^ 3 
19-21 1 5 1 
16-18 1 2 1 
13-15 1 1 
10-12 1 
7-9 1 
U-6 1 1 
1-3 1   

N 72 33 U6 19 i  us 65 21 7 
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Apppndix ffr.   Distribution of Test Scores* Experiments-Mechanics 

Maximum Score = 60 University of Minnesota  Fall quarter 1952-53 

1 

Physics 1-no laboratory Physics la-with laboratory 
Score male female •3a le female 

Dre i    post pre p^st pre!    pest pre pest 

69-70 1 1 1 
i 

51-52 
59-50 1 
4 7-18 
u5-^6 
h5-hh 
Ul-.'i2 
39-10 
:- 7-3 8 
35-36 
;3-3li 
31-32 
29-30 2 1 2 
27-28 2 
25-26 1 T_ 5 
23-2i4 3 
21-22 3 1 1 1 9 
:.9-20 1 1 1 7 7 1 
17-18 1 1 2 3 a 
- r   - / 7 3 1 1 5 6 
13 -11* 2 3 3 5 1 
11-12 1 o 2 2 9 3 1 
9-10 a U 5 2 13 6 
7-8 5 3 1* 2 8 li 
5-6 13 6 6 12 3 3 
3-Jx 7 2 U 1 li* 1 1 
1-2 7 1 1* 2 13 3 

t 1 
-1-0 n* 7 2 18 1 
-3-2 5 2 2 16 1 1 
-5-1* 2 6 13 1 3 
-7-6 1 2 2 *-» 

-9-8 3 3 
-11-10 1 5 

N 72 32 U6 21 U5 61* 21 6 

1 
i 

! i 
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Appendix 3i,« Distribution of Test Scores* HiscclLir.ecus~&fcchanics 

Maximum Score •*- 56    University of Linnesota   Fall quarter 1952-53 

Score 
Physics 1-no laboratory 

male female 
pre post _pr e post 

Physics la-wlth laboratory 
male fenale 

pre post. I pre | post 

50-51 
LS-U9 
16^7 
hh-16 

uO—ill 
33-3? 
36-37 
31-35 
32-33 
3C-31 
20-29 
26-27 
2U-25 
22-23 
2C-21 
18-19 
16-17 
U-15 
12-l> 
10-11 
6-9 
6-7 
Ii-5 
2-3 
0-1 
-2-1 
4,-3 

N 

2 
k 
9 
3 

6 
5 
6 
1 
U 
7 
5 
7 
3 
1 
1 

72 

6 
2 
1 
2 
h 
3 
3 
2 
3 

2 
1 

Jl 

1 
2 

u 
1 
2 
6 
2 
6 
a 
2 
2 
2 
3 
1 
2 
h 

h& 

x 
1 

1 
3 

3 
1 

1 
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Appendix Z\, Distribution of Test Scores, University of Minnesota 

'.'.'inter quarter 1952-53 

Identification of Apparatus-Elec tricity Function of Apparatus-Electricity 
Maximum Score • 88 L .aximom Score = 108 

Physics 5* "                Physics~8M Physics 5*                Physics 8-' 
Score Pre Post                    Fre Post Score Pr- Post Pre    1 Pont 

61-65 1 72-73 

1                      
2 

6?-63 66-67 1 
60-61 62-63 2 a 
53-59 3 60-61 
56-57 53-59 1 2 
5U-55 1 1 y 56-57 1 1 11 
52-53 5a-55 
50-51 52-53 1 1 13 
u8-u9 2 11 50-51 
ue-n 1 a 3-49 ? 1 
aa-as k ? 10   1 a6-a7 5 3 s 
Ii2-U3 1 1 1 aa-a5 
ho-m 1 2 a2-a3 3 1 a 
38-39 1 1 7 ao-ai 1 3 
36-37 2 1 33-39 l 5 
3h-35 3 3 a 36-37 1 l 2 1 
32-33 1 3a-35 1 ? 1 
30-31 1 3 1 32-33 1 3 2 3 
28-29 1 2 8 y 30-31 3 1 
26-27 y 2 1 

1 23-29 2 
2U-25 a 3 8 3 26-27 3 2 a 
22-?3 2 1 h 1 2a-25 3 2 
20-21 3 1 5 22-23 2 a 1 
18-19 7 3 3 1         ! 20-21 3 a 
16-17 5 U 18-19 2 1 
1U-15 U 1 U 16-17 5: 6 
12-13 a 2 ia-15 1 1 
10-11 5 a. 12-13 h 1 2 
8-9 3 a 10-11 y 
6-7 1 1 8-9 ? 1 
l*-5 1 1 1 6-7 3 1 
2-3 k-6 1 2 
0-1 1 1 2-3 

0-1 
-11-1 

2 
3 
? 

1 
1 
a 

1 
1 

K U6 2h 63 51 1     _J6 23 60 51 
*      Pr« -Medic al - Dr. Ti icker 

t 1 
•x-    Eng ineeri ng - Dr. T< ;ng 
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Appendix C2, Distribution of Test Scores. University of Minnesota 

Winter quarter 1952-53 

Score 
60-61 
58-59 
56-57 
5U-55 
52-53 
50-51 
U8-U9 
U6-U7 

U2-U3 
UO-Ul 
38-39 
36-37 
3U-35 
32-33 
30-31 
28-29 
26-27 
2U-25 
22-23 
20-21 
18-19 
16-17 
lii-15 
12-13 
10-11 
8-9 
6-7 
U-5 
2-3 
0-1 
-2-1 
4^-3 

1 
1 

-10-9 

N 

Physics 5* 
Pre 1   Post 

T 

3 
1 
3 

1 
2 

3 

h 

3 

U 

2 
1 

1 
5 
3 
2 
3 
l 
9 
3 

I16   21 

Symbols-Electricity B 
Maximum Score » 60 

Physics 8** 
Tre" 

3 

6 

1 
2 
2 
2 
3 
U 
2 
2 
2 
h 
k 
2 
3 
U 

h 
3 
U 
3 

Post 

7 

10 

6 
1 
5 
2 

2 
1 

62 51 
» Pre^nedical - Dr. Tucker 
*# Engineering-Cr. Teng 

1 

1 
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Appendix C3 . Distribution of Teet Scores . University of Minnesota 

".'inter quarter 1952-53 

Electrical Circuits Electrical deters 

* Pre-medical - Dr. Tucker 
** Engineering - Dr. Teng 
**# Engineering - Dr. Johnston 

Max-'.ffiUr. Score = ' lOu via Score --» 32 
Physics 5* Physics £*-"- Physic s 5^ : Physics fc-"--'1 Physic TEw" 

Scorp Pre 1 wo *> P-3         Post Score Pre   : Post , Pre        Post Pre .     .   _» L» 

73-75 
I 

1     1 32 1     i 3 li     I       12 10    ! 27 
7C-72 ' 28 ! 1 1      1 2 
67-^9 1 27 9     ! 5 3 10   1 Hi 
6U-66 1 1 ! 
61-63 25 

1 

53-60 1 2U 1 1     i 1 1 
55-57 i 23 1 1 2    1 3 1 
52-5!; 1 1 22 8     ! 2 6 8 19 
U9-51 1 21 i 
s£-hd 1 2 20 l 1 

1 1 I 19 • 2 
ho-1.2 1 3 18 1 2 1 
37-39 2 1 a 17 3 10 6 11 13 18 
3U-36 1 1 1 16 2 1 1 1 1 
31-33 1 15 l 1 
28-30 2 1 5 lb j 1 1 
25-27 2 7 5 13 1 2 
22-2h 6 8 ! 12 9 6 9 7 11 8 
19-21 5 5 6          ! 111 2 1 3 1 2 2 
16-18 5 3 2 11 10 1 1 
13-15 11 8           1 9 3 
10-12 2 1 18 8 8 2 
7-9 3 y lii 12 7 5 2 5 1 13 5 
I4-6 16 1 Hi 13 6 3 1 
1-3 h 1 13 5 5 1 2 
-2-0 11 10 2 h ; 1 li 
-2—3 6 Ji 1 3 1 3 li 
-6—6 1 1 2 13 3 6 1 8 
-11—9 1 1 1 5 1 1 
-Hi—1 ; 1 0 20 li 1 0 

• l 
-17—1 

- 1 -1 
-2 

5 
3 

1 
1 

1 

-3 i* 2 1 7 2 
-Ji 5 3 1 
-5 2 
-6 2 
-7 

  4....X ... 2 1 3 1 1 

N U8 2U 
1                 1 

115    i 10a 
1 
1   . .  . 9U 4Ji?— 1 63 51 116 103 

.' 
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